**Core tip:** Celiac disease (CD) is a public health concern suffered by about 1% of the population worldwide. It often goes undetected even in developed countries, owing to the varied and occult presentation which can make diagnosis difficult. Untreated, systemic manifestations including cardiovascular ailments can occur. In this review, information concerning the cardiovascular involvement in CD patients is described and discussed. Treatment of CD patients with a gluten free diet can reverse some, but not all of the cardiovascular involvement. Thus the need for prompt diagnosis and treatment.

INTRODUCTION
============

Celiac disease (CD) is characterized by an immunologic response to gluten, which often results in diffuse inflammatory damage to the small intestinal mucosa, and malabsorption of nutrients\[[@B1]\]. CD is of special interest among chronic diseases due to several factors: (1) it is associated with specific comorbidities; (2) it involves a compromised absorption of nutrients; and (3) a gluten-free diet (GFD) is currently the main long-term treatment\[[@B2]\]. Studies have shown that certain cardiovascular maladies, including cardiomyopathy, myocarditis, arrhythmias, and premature atherosclerosis, are more prevalent in individuals with CD as compared to individuals without the disease\[[@B3],[@B4]\]. In this article, published works concerning the effects of CD on the cardiovascular system, and the risk of cardiovascular disease, are reviewed. The method of some previous analyses is followed to quantitatively characterize the published articles\[[@B5]-[@B7]\], and to then compile the most salient information for review.

RESEARCH PROCEDURE
==================

The Google Scholar search tool was used to find associations between CD and the heart and vascular systems. Keywords pertaining to the heart and vascular system, tabulated in Table [1](#T1){ref-type="table"}, were used for search in conjunction with "celiac disease", "coeliac disease", or "gluten". The searches were limited to the co-detection of these terms in the publication title, which is suggestive of the importance of the keywords. The cardiovascular keywords used for search were derived from encyclopedic descriptions of the heart, vascular, and cardiovascular systems. Under these headings, all relevant terms were extracted as keywords. They were categorized as heart terms and vascular terms. The format used for search in Google Scholar was, for example: (1) allintitle: "celiac disease" "myocardial"; (2) allintitle: "coeliac disease" "myocardial"; and (3) allintitle: "gluten" "myocardial", where the results for the three forms of expression pertaining to CD were then combined. Heart and vascular keywords, tabulated in Table [1](#T1){ref-type="table"}, were then combined to form summary topics for analysis. The number of CD/cardiovascular publications per year was then graphed for all of the summary topics.

###### 

Cardiovascular terms used for search in the study

  **Heart terms**                    **Vascular terms**
  ---------------------------------- -----------------------------------
  Afterload, preload                 Angiogenesis
  Arrhythmia, rhythm                 Aorta, aortic
  Atrial, atrium                     Arterial, arteries, artery
  Atrioventricular                   Arteriosclerosis, atherosclerosis
  Bachmann's                         Atherogenesis, atherogenic
  Cardiac, cardio                    Blood pressure
  Cardiologist                       Cardiovascular
  Cardiomyopathies, cardiomyopathy   Circulatory
  Congenital                         Circumflex
  Contractility                      Coronary
  Depolarization                     Embolism
  Effusion                           Haemoptysis, hemoptysis
  Ejection                           Hemorrhage
  Electromechanical                  Haemodynamics, Hemodynamics
  Endocardium, epicardium            Haemosiderosis, hemosiderosis
  Fibrillation                       Stroke
  Foramen ovale                      Thrombosis, thromboembolism
  Frank-Starling                     Vascular
  Heart                              Vein, veins
  Infarction                         Vena cava
  Ischaemic, ischemic                Venous
  Mitral                             Venule, venules
  Myocardial, myocardium             
  Myocarditis                        
  Myocyte                            
  Pericardial, pericardium           
  Purkinje                           
  QT                                 
  Septum                             
  Sinoatrial                         
  Stenosis                           
  Tachycardia                        
  Tricuspid                          
  Valve, valves, valvular            

The type of published document was also recorded for each keyword entry. Each citation used was categorized by type of published documentation as shown in Table [2](#T2){ref-type="table"}. There are six possible publication types according to the list. All published documents were categorized as one of the types noted in Table [2](#T2){ref-type="table"}. Graphical displays were utilized to separately show the number of CD/cardiovascular documents of each type noted in Table [2](#T2){ref-type="table"} that were published per year. Then for each of the summary topics, the total number of publications of each type in Table [2](#T2){ref-type="table"} were compiled. Also for each of the summary topics, the total number of studies and the mean publication year of the studies for the journals the studies were published in were tabulated. The essential points in each study were then condensed and described in review form, in separate sections, for each of the summary topics.

###### 

Categories of published documents

  **Type**       **Description**
  -------------- ---------------------------------------------------------------------------------------
  Articles       Includes research articles, cohort studies and case control studies
  Reviews        These included reviews of the literature and meta-analyses
  Case studies   Limited to *n* = 1-3 patients in the study
  Letters        These could include comments on other articles as well as case reports in letter form
  Abstracts      When no full paper had been published, abstracts were included in the references
  Editorials     These were typically comments on papers published in the same journal issue

PUBLICATION SUMMARY STATISTICS
==============================

In Figure [1](#F1){ref-type="fig"} is presented a graph of the number of publications per year in which CD and cardiovascular terms appeared. The earliest studies in which CD was investigated for cardiovascular function were published in 1970. However until the year 1998, only a handful of such studies were published, after which there began a substantial increase in the publishing of CD/cardiovascular studies. Although there were fluctuations in the number of studies in the 2000s and 2010s, the overall trend was a sharp upward swing in published studies. The data for 2017 only includes the first few weeks of the year.

![Overall published studies on celiac disease/cardiovascular by year.](WJC-9-652-g001){#F1}

The number of studies for selected types that was published per year is shown in bar graph form in Figure [2](#F2){ref-type="fig"}. The results are shown for articles (cohort), case studies, abstracts, and letters, and review and editorial publications. Many of the CD/cardiovascular published studies were either articles or case studies. As for graphs of the total studies published that were shown in Figure [1](#F1){ref-type="fig"}, the graphs of individual published document types in Figure [2](#F2){ref-type="fig"} begin to exhibit substantial increases about the year 2000. There were also a number of abstracts and case reports published in the late 1980s and 1990s, as is notable in the case reports graph in Figure [2](#F2){ref-type="fig"}. There are only a few review and editorial publications to date, but they are recent.

![Published studies per year according to document type.](WJC-9-652-g002){#F2}

Based on all of this data, in Table [3](#T3){ref-type="table"} are provided, for each document type, the number of published studies for each topic, with the totals for all articles shown in the last row. Most of the published works are either articles (74) or case studies (62). There are also substantial numbers of letters (23) and abstracts (20). The totals for each term are given to the right in the table. The sum total, 190, is greater than the number of cited articles in this review, 180, because a particular citation could be used in more than one review topics section. Furthermore, several citations used in the Introduction were not cardiovascular studies and were not included in Table [3](#T3){ref-type="table"}. A number of topics were particularly of interest for CD/cardiovascular publishing. These include papers on CD and cardiomyopathy (33 studies), thrombosis (27), cardiovascular risk (17), atherosclerosis (13), stroke (12), and arterial function and ischemic heart disease (11 each). In Table [4](#T4){ref-type="table"} are shown keyword terms and total number of studies, and median (range) study year of the journal. The median year for all of the studies is 2004 or later, except for the term "haemodynamics" (1998). Thus the possible connection between CD and "haemodynamics" tended to be investigated at earlier dates, as compared with other cardiovascular conditions.

###### 

Types of studies associated with each keyword

  **Keyword**               **Article**   **Review**   **Case**   **Letter**   **Abstract**   **Editorial**   **Total**
  ------------------------- ------------- ------------ ---------- ------------ -------------- --------------- -----------
  Arterial function         6             1            2          2                                           11
  Atherosclerosis           4                          1          5            3                              13
  Angiogenesis              6                                                  1                              7
  Thrombosis                4             2            15         5            1                              27
  Stroke                    2             2            7                       1                              12
  Hemorrhage                                           7          3                                           10
  Haemodynamics             1                                     1            2                              4
  Vascular - other          2                          3                                                      5
  Pericardial effusion      2                          1                       1                              4
  Myocarditis               3             1            1          1                                           6
  Cardiomyopathy            8             1            21         0            2              1               33
  Infarction                4                                     1                                           5
  Electromechanical         6                                                  1                              7
  Ischemic heart disease    6                                     3            1              1               11
  Rhythm disturbances       3                          1          1            3                              8
  Congenital heart defect   3                          1                                                      4
  Heart - other             3                          2                       1                              6
  Cardiovascular risk       11            2                       1            3                              17
  Total                     74            9            62         23           20             2               190

###### 

Characteristics of the published studies by keyword

  **Category**              **Topic**                 **Studies[1](#T4FN1){ref-type="table-fn"}**   **Median year**   **Range**
  ------------------------- ------------------------- --------------------------------------------- ----------------- -----------
  Vascular                  Arterial function         11                                            2014              2011-2016
  Vascular                  Atherosclerosis           13                                            2013              2008-2016
  Vascular                  Angiogenesis              7                                             2009              1970-2013
  Vascular                  Thrombosis                27                                            2007              1995-2016
  Vascular                  Stroke                    12                                            2008              2001-2017
  Vascular                  Hemorrhage                10                                            2007              1997-2012
  Vascular                  Haemodynamics             4                                             1998              1993-2005
  Vascular                  Other                     5                                             2004              1993-2013
  Heart                     Pericardial effusion      4                                             2008              2000-2014
  Heart                     Myocarditis               6                                             2004              2002-2012
  Heart                     Cardiomyopathy            33                                            2010              1986-2016
  Heart                     Infarction                5                                             2009              2008-2015
  Heart                     Electromechanical         7                                             2014              2008-2016
  Heart                     Ischemic heart disease    11                                            2014              2004-2016
  Heart                     Rhythm disturbances       8                                             2014              1989-2016
  Heart                     Congenital heart defect   4                                             2014              1982-2016
  Heart                     Other                     6                                             2012              2004-2016
  Cardiovas cular disease   Risk factors              17                                            2013              2007-2017

Studies: Total number of studies published on the topic. Studies could be used as references for more than one topic.

Compilation of the celiac disease - cardiovascular literature
-------------------------------------------------------------

In this section, the study results for each keyword of Table [1](#T1){ref-type="table"} are combined into summary topics, to show the general consensus and trends for CD/cardiovascular publications. Thus the most pertinent information from all studies belonging to a particular cardiovascular term was collated by topic. The total number of studies (\#) and median and range in years (median year) are shown for published studies concerning each topic. The terms are separated and noted as belonging to vascular or heart categories, followed by cardiovascular risk assessment.

Vascular - arterial function \[\# = 11, median year = 2014 (2011-2016)\]
------------------------------------------------------------------------

Arterial function is of great concern in CD. Measurements to quantify alterations are made using echocardiography and pulse wave velocity\[[@B8],[@B9]\]. In untreated CD, aortic function can deteriorate, and this deterioration is predictive of subclinical atherosclerosis and future cardiovascular events\[[@B8]\]. Aortic strain and distensibility tend to be significantly lower, and the aortic stiffness index significantly higher, in untreated CD patients *vs* controls\[[@B8],[@B10]\]. CD patients are at increased risk for coronary artery disease\[[@B9]\], which may have a genetic association\[[@B11]\]. Occlusion of the brachiocephalic trunk and right and left common carotid artery has been noted in CD\[[@B12]\]. In adult CD patients lacking cardiovascular risk factors, abnormal homocysteine, erythrocyte sedimentation rate, C-reactive protein, and insulin levels may, along with inflammation, be contributive to arterial stiffening\[[@B9]\]. Spontaneous coronary artery dissections have been observed as a cause of acute myocardial infarction in CD patients\[[@B3]\]. There is also some support for an association between CD and cerebrovascular disease\[[@B13]\]. Correlation has been shown between restoration of the small intestinal villous atrophy and normalization of vascular parameters in gluten-abstinent CD patients\[[@B14]\]. Yet after onset of the GFD, the lack of a significant reduction in aortic elastic properties suggests that some risk of cardiovascular disease may persist\[[@B10]\]. Type 1 diabetic patients with early presence of micro- or macrovascular complications should always be screened for CD\[[@B15]\]. Type I diabetes mellitus and CD can coexist, and there is evidence that microvascular complications are more severe in patients with both conditions\[[@B16],[@B17]\].

Vascular - atherosclerosis \[\# = 13, median year = 2013 (2008-2016)\]
----------------------------------------------------------------------

Atherosclerosis has been linked to myocardial infarction and ischemic stroke, with chronic inflammation being a likely pathogenic factor\[[@B18]\]. Untreated adults with CD are at increased risk of early atherosclerosis, as suggested by the presence of chronic inflammation, vascular impairment, unfavorable biochemical patterns\[[@B19]-[@B21]\], and relative lack of the classical risk factors. Carotid intima-media thickness values are significantly higher in patients with coexisting diabetes and CD as compared to those patients with diabetes or CD alone\[[@B16],[@B22]\]. CD youth have also been associated with increased risk of developing early atherosclerosis\[[@B19]\]. They are also more likely to have greater mean low density lipoprotein (LDL) cholesterol and thicker carotid intima media as compared with controls, and their endothelium-dependent dilatation is decreased, all of which negatively affect vascular function\[[@B23],[@B24]\]. The GFD enables a reduction in inflammatory parameters, oxidative stress, and insulin resistance, factors that when unchecked can lead to atherosclerosis\[[@B10],[@B25]\]. Gluten avoidance followed by restoration of the intestinal villi to normal function is likely to revert cardiovascular dysfunction in less than 1 years' time\[[@B2],[@B20],[@B21],[@B23],[@B24]\]. Areas with improved markers on a GFD include the common carotid arteries for intima media thickness, and the humeral artery for endothelium-dependent dilatation\[[@B26]\]. However, patients on the GFD often show weight gain and increase in triglyceride blood levels, which suggests a risk to atherogenicity\[[@B27]\], although alterations of other risk factors do not necessarily support this supposition\[[@B28]\]. CD patients should always be encouraged to choose a healthy GFD\[[@B27]\].

Vascular - angiogenesis \[\# = 7, median year = 2009 (1970-2013)\]
------------------------------------------------------------------

In untreated CD, the overall architecture of the small-bowel mucosal vasculature may be altered, leading to inhibition of angiogenesis\[[@B29]\]. On the GFD, the vasculature normalizes as compared to healthy subjects, in parallel to mucosal recovery, and mucosal autoantibody deposits diminish in the small intestine\[[@B29],[@B30]\]. Autoantibody production in CD mainly targets against transglutaminase 2 (TG2)\[[@B29]\]. These autoantibodies are found in untreated CD patients' serum\[[@B31]\], but also bound to extracellular TG2 below the epithelial basement membrane and around capillaries in the small intestinal mucosa, as well as in extra-intestinal organs. The autoantibodies can interfere with angiogenesis, including changes in transendothelial migration of lymphocytes\[[@B29],[@B32],[@B33]\], which is probably influenced by common genetic variants in angiogenesis-related genes\[[@B34]\]. *In vitro*, CD autoantibodies reduce endothelial branching, increase endothelial permeability to macromolecules and lymphocytes, and enhance lymphocyte adhesion to the endothelium\[[@B29],[@B35]\]. Ultrastructural alterations of the small blood vessels embedded in the subepithelial connective tissue of the jejunal mucosa are most severe in CD patients not on the GFD. Similar changes occur when gluten is administered to pediatric CD patients previously on a GFD, and are one of the earliest pathological changes seen in the biopsy material\[[@B35]\].

Vascular - thrombosis \[\# = 27, median year = 2007 (1995-2016)\]
-----------------------------------------------------------------

Thrombotic events are increased in CD\[[@B36]\], can be recurrent\[[@B37]\], and may be present at multiple locations\[[@B38]\] which are observable *via* Doppler ultrasonographic examination\[[@B39]\]. Thrombophilia may result from hyperhomocysteinemia and deficiencies in protein S, folate, and vitamin B2\[[@B40]-[@B42]\]. The thrombotic events in CD may also result from dehydration due to diarrhea\[[@B43]\]. Cerebral venous sinus thrombosis can occur in CD patients\[[@B40],[@B44]-[@B46]\], even in absence of gastrointestinal symptoms\[[@B45]\], but can resolve with symptomatic treatment\[[@B40]\]. Venous thrombosis can be a sequela of undetected CD\[[@B42],[@B47]-[@B54]\], and may result in thromboembolic events\[[@B48],[@B55]\]. CD may be accompanied by portal vein thrombosis\[[@B56],[@B57]\], and mesenteric\[[@B58]\] or splenic\[[@B59]\] vein thrombosis may present in occult or subclinical celiac disease\[[@B58]\]. There is an increased risk of developing venous thromboembolism from chronic inflammation and vitamin deficiency in CD\[[@B44],[@B60],[@B61]\]. On a GFD, there is favorable evolution of young CD patients with thrombosis\[[@B62]\]. CD should be considered in young patients with thrombosis, especially if the event occurs in an unusual location\[[@B62]\].

Vascular - stroke \[\# = 12, median year = 2008 (2001-2017)\]
-------------------------------------------------------------

Patients with CD have been found to be at an increased risk for stroke, which can persist after onset of the GFD\[[@B63],[@B64]\]. Stroke events can be recurrent\[[@B65]\]. Cerebral infarction and transient hemiplegia may also present in untreated asymptomatic CD patients\[[@B66]\]. CD should be considered as a possible etiology for stroke cases of unknown cause, particularly in youth, whether gastrointestinal manifestations are evident or not\[[@B67]\]. The pathogenesis of stroke in CD youth may involve vitamin B12 deficiency\[[@B68]\] and possibly hyperhomocysteinemia, which may be secondary to folic acid deficiency\[[@B69]\], cerebral arterial vasculopathy, and antiphospholipid syndrome, a secondary autoimmune disorder\[[@B70]-[@B72]\]. Children with recurrent acute ischemic stroke should be screened for CD\[[@B73]\]. Because CD is a potentially treatable cause of cerebral vasculopathy and stroke\[[@B74]\], serology-specifically anti TTG antibodies should be included in the evaluation for cryptogenic stroke in childhood, even in the absence of typical gastrointestinal symptoms\[[@B72]\].

Vascular - hemorrhage \[\# = 10, median year = 2007 (1997-2012)\]
-----------------------------------------------------------------

When unresponsive CD is treated with corticosteroids and immunosuppression therapy, it can be complicated by the presence of small intestinal lymphoma, and result in hemorrhage\[[@B75],[@B76]\]. During hemorrhage, coagulopathy can occur, which is attributable to vitamin K deficiency associated with malabsorption of multiple fat soluble vitamins in these patients\[[@B75]\]. The immune response to CD, triggered by gluten, can lead to deposition of circulating immune complexes on the membrane of alveolar capillaries, resulting in pulmonary hemosiderosis\[[@B77]\]. Lane-Hamilton syndrome refers to the co-occurrence of idiopathic pulmonary hemosiderosis and CD\[[@B78]\]. Idiopathic pulmonary hemosiderosis is severe and potentially fatal, and is characterized by recurrent episodes of alveolar hemorrhage, hemoptysis, and anemia, and can share a common immune pathway with CD\[[@B79]\]. Left untreated, it can lead to poor prognosis, with progression to pulmonary fibrosis and chronic respiratory limitation\[[@B80]\]. In patients with diffuse alveolar hemorrhage, even in the absence of gastrointestinal symptoms, screening for CD should be done using anti-transglutaminase antibodies\[[@B79],[@B81]\]. If CD is found, the GFD helps control symptoms, enables a reduction of immunosuppressive treatment, and improves clinical course\[[@B79]\]. Improvement of the co-occurrence of CD and pulmonary hemosiderosis over a period of months is found when patients are placed on the GFD\[[@B82],[@B83]\]. Thus patients with pulmonary hemosiderosis should always be screened for CD\[[@B80],[@B82]\]. Patients with hereditary hemorrhagic telangiectasia with unexplained iron malabsorption should also be screened for CD\[[@B84]\].

Vascular - haemodynamics \[\# = 4, median year = 1998 (1993-2005)\]
-------------------------------------------------------------------

Alteration of blood flow is an important issue. The pathophysiological changes in the small bowel mucosa during the active phase of CD can induce haemodynamic changes\[[@B85]\] including an abnormal splanchnic circulation\[[@B86]\], and splenic vein obstruction may be present\[[@B47]\]. The postprandial mesenteric blood flow can be significantly increased and delayed in time\[[@B86]\]. A hyperdynamic mesenteric circulation and higher peak systolic velocity of the superior mesenteric artery is often manifested in untreated CD patients as compared with healthy controls and treated celiac patients\[[@B85],[@B87]\]. Treatment with the GFD can improve haemodynamics\[[@B85],[@B87]\].

Vascular - other \[\# = 5, median year = 2004 (1993-2013)\]
-----------------------------------------------------------

Several other vascular maladies have been noted to occur in conjunction with CD. The combination of CD, epilepsy, and cerebral calcification is a rare condition known as CEC syndrome\[[@B88]\]. Folate malabsorption is a suggested mechanism, because cerebral calcification can be seen in other conditions related to folate deficiency\[[@B88]\]. Membranous obstruction of the inferior vena cava can also occur\[[@B89]\]. In patients with hyperhomocysteinaemia and sub-clinical CD, endothelial dysfunction is associated with increased systemic vascular resistance that can lead to a reversible form of hypertension\[[@B90]\]. CD adults tend to have a lower prevalence of hypertension and hypercholesterolaemia as compared with the general population\[[@B91]\]. However in patients with hypertension, CD, and hyperhomocysteinaemia (*via* malabsorption of essential cofactors), CD treatment can improve blood pressure control\[[@B90]\]. Covert hemoptysis may be responsible for disproportionately severe anemia in CD patients\[[@B92]\].

Heart - pericardial effusion \[\# = 4, median year = 2008 (2000-2014)\]
-----------------------------------------------------------------------

The heart itself can be greatly affected in CD patients. Echocardiography has been used to show that there is a higher incidence of pericardial effusion in CD\[[@B93]\]. In adults, this phenomenon can be asymptomatic\[[@B94]\]. The predisposing factors for pericardial effusion include vessel dysfunction in the presence of high antibody titer, selenium deficiency, and viral infection due to reduced immunological competence, in conjunction with a diminished ability to eliminate toxic free radicals\[[@B93],[@B95]\]. After onset of the GFD and with iron supplement, pericardial effusion, along with peripheral edema and fatigue, decreases\[[@B94],[@B96]\]. Presence of left ventricle dilation, suggesting an initial phase of heart damage, is reversible on the GFD\[[@B96]\]. CD children may also have pericardial fluid, and show no difference compared to those lacking effusion with respect to ECG, chest X-ray, blood cell count, serum enzymes, serum protein, and iron levels\[[@B95]\]. Pericardial effusion is reversible in children when they are treated with a GFD\[[@B95],[@B96]\]. Thus pediatric cardiologists should be alerted to the possibility that mild left ventricular enlargement can be caused by CD\[[@B96]\].

Heart - Myocarditis \[\# = 6, median year = 2004 (2002-2012)\]
--------------------------------------------------------------

Autoimmune myocarditis may be a complication of CD\[[@B97]\]. Biopsy-proven granulocytic myocarditis of unknown etiology can be found in the setting of silent CD\[[@B98]\]. Progressive heart failure may accompany viral myocarditis in untreated CD; patient condition can improve following standard heart failure treatment and GFD\[[@B99]\]. A strong fluorescence around heart muscle fibers has been noted in untreated CD patients but not in patients on the diet or in controls\[[@B100]\]. This suggests that an autoimmune process toward antigenic components of the myocardium can occur in untreated CD, and lead to cardiac tissue injury, resulting in myocarditis\[[@B101]\]. In these patients, immunosuppression and GFD are often effective therapeutic options\[[@B101]\]. It is thus highly important to screen for CD in patients with these conditions to avoid progression and clinical deterioration\[[@B102]\]. It has been found that the CD prevalence in children with myocarditis is greater than in children without myocarditis\[[@B102]\], who should therefore also receive CD screening.

Heart - cardiomyopathy \[\# = 33, median year = 2010 (1986-2016)\]
------------------------------------------------------------------

Cardiomyopathy associated with CD is a serious and potentially lethal condition which requires a multidisciplinary approach involving both a gastroenterologist and a cardiologist\[[@B103]-[@B106]\]. There is a higher prevalence of CD in patients with dilated cardiomyopathy\[[@B107]-[@B109]\], idiopathic cardiomyopathy\[[@B110]-[@B113]\] and ischaemic or valvular cardiomyopathy\[[@B110]\]. There is also a higher prevalence of CD in the relatives of patients with sporadic and inherited dilated cardiomyopathy\[[@B114]\]. Severely dilated left ventricle, concomitant left ventricular dysfunction, very low ejection fraction, pulmonary hemosiderosis, heart block, and/or heart failure have been reported in cardiomyopathy patients with CD\[[@B112],[@B115]-[@B120]\]. Severe progressive dilated cardiomyopathy, requiring heart transplantation, can occur\[[@B121]\]. Dilated cardiomyopathy in CD may be accompanied by congestive heart failure and is also becoming increasingly recognized in the pediatric population\[[@B122],[@B123]\]. These children may also present with acute onset congestive heart failure, as well as severe left ventricular systolic dysfunction\[[@B123]\]. Upper limb venous thrombosis and recurrent haemoptysis secondary to pulmonary haemosiderosis may be present\[[@B123]\]. Cirrhotic cardiomyopathy without gastrointestinal symptoms has also been found in pediatric patients\[[@B124]\].

Although a serious condition, the precise cause-and-effect relationship between CD and cardiomyopathy when they occur in tandem is currently unknown\[[@B125]\]. Dilated cardiomyopathy may evolve due to carnitine deficiency\[[@B126],[@B127]\], which is related to CD, but may also develop after onset of the GFD, particularly in patients lacking carnitine supplementation\[[@B126]\]. Idiopathic dilated cardiomyopathy may have an autoimmune mechanism\[[@B110],[@B128]\]. The tTG-positive serology in relatives with echocardiographic abnormalities suggests that immune-mediated mechanisms are at work in subsets of these patients and their families\[[@B106]\]. In individuals with idiopathic congestive cardiomyopathy and CD, ultrastructural and electrophoretic examination of myocardial samples shows a selective loss of actin, and electron microscopy reveals characteristic alterations of enterocyte microvilli\[[@B129]\]. Hence there can be an involvement of the microfilament system in both the myocardial sarcomeres and the enterocytes of these patients\[[@B129]\]. Ischemic cardiomyopathy can occur due to an accelerated atherosclerosis when chronic inflammation is present in CD\[[@B130]\].

Compliance with a GFD is mandatory if patients are to avoid progression of their cardiomyopathy\[[@B105],[@B131]\]. The GFD has been shown to have a beneficial effect on cardiac performance in CD patients with dilated cardiomyopathy\[[@B132]\]. After start of the GFD, abnormal left ventricular dimensions, and diminished cardiac function, including decreased ejection fraction, can improve markedly and may even be completely reversible\[[@B103],[@B108],[@B118],[@B128],[@B133]\]. After two years on a GFD, patients presenting with dilated cardiomyopathy associated with CD show progressive increase in mean serum carnitine levels as compared to values observed prior to the diet\[[@B127]\]. Children with CD and dilated cardiomyopathy also have improved cardiac function once adherent to the GFD\[[@B109]\]. In CD patients on the GFD, there is no association with later onset of myocarditis, cardiomyopathy or pericarditis\[[@B134]\].

Screening for CD in patients with dilated cardiomyopathy, pulmonary haemosiderosis, and iron deficiency anemia in the absence of known etiology is advisable regardless of the intestinal symptoms\[[@B105],[@B108],[@B116],[@B123],[@B133]\]. Serologic tests for IgA-EmA and tissue transglutaminase antibodies should be used to screen for CD\[[@B106]\]. Co-morbidities including iron-deficiency anemia in patients with dilated cardiomyopathy should arouse suspicion of CD\[[@B117]\]. All patients diagnosed with cardiomyopathy and CD should be offered an endomyocardial biopsy for better histological and diagnostic definition\[[@B128]\]. It is beneficial to assess CD in children with dilated cardiomyopathy in the absence of known etiologies\[[@B104],[@B135]\].

Heart - infarction \[\# = 5, median year = 2009 (2008-2015)\]
-------------------------------------------------------------

Acute myocardial infarction with ST-elevation and spontaneous coronary artery dissection can occur in young patients with CD\[[@B3],[@B136]\]. However, chronic hypocalcemia in untreated CD patients due to poor absorption of minerals can result in electrocardiographic changes that mimic acute myocardial infarction\[[@B120]\]. In CD, there is a higher all-cause mortality one year post-myocardial infarction as compared with the general population\[[@B20]\]. Mesenteric infarction has also occurred as a consequence of CD, and clinicians should be aware of this possibility\[[@B137]\].

Heart - electromechanical functioning \[\# = 7, median year = 2014 (2008-2016)\]
--------------------------------------------------------------------------------

Measurement of electromechanical parameters is beneficial to determine the degree of cardiac involvement in CD\[[@B138]\]. Atrial conduction delays are significantly higher in untreated CD as compared with healthy individuals, and may lead to atrial fibrillation\[[@B139]\]. Measurement of atrial electromechanical delay parameters might therefore be useful to predict atrial fibrillation risk\[[@B139]\]. Statistically significant differences in left ventricular function as assessed by echocardiography imaging are found in CD patients *vs* controls\[[@B140]\]. Patients with CD can have impaired diastolic and systolic function as measured by tissue Doppler echocardiography\[[@B141]\]. Mitral valve prolapse\[[@B142]\] and subclinical myocardial dysfunction of both ventricles\[[@B143]\] can be present in both the pediatric and adult CD population. In children, significantly lower contractility indices and higher left ventricular dimensions are evident as compared with controls\[[@B144]\]. On the GFD, valve regurgitations resolve, and echocardiographic parameters significantly improve\[[@B144]\].

Heart - ischemic heart disease \[\# = 11, median year = 2014 (2004-2016)\]
--------------------------------------------------------------------------

There is an increased risk of ischemic heart disease and higher cardiovascular mortality in CD\[[@B145],[@B146]\] despite the lack of traditional risk factors\[[@B26],[@B147]\] including blood pressure, body mass index, serum cholesterol, lipids, exercise, and smoking\[[@B4],[@B148]\]. First-degree relatives of CD patients are also at an increased risk of ischemic heart disease, but the excess risk is slight\[[@B149]\]. CD and ischemic heart disease may share a common underlying link, rather than a cause-and-effect relationship\[[@B18],[@B150]\]. The underlying association between CD and ischemic heart disease may be chronic inflammation, a major risk factor in the general population; however, potential confounders may also be involved\[[@B18],[@B146],[@B148]\]. After onset of the GFD, persistent villous atrophy detected during follow-up biopsy was not associated with increased risk of ischemic heart disease\[[@B151],[@B152]\].

Rhythm disturbances \[\# = 8, median year = 2014 (1989-2016)\]
--------------------------------------------------------------

Compared to controls, untreated CD patients have increased P-wave dispersion and higher interatrial, intra-left atrial, and intra-right atrial conduction delay\[[@B153]\]. Tp-e interval, Tp-e/QT and Tp-e/QTc ratios are also increased in CD\[[@B154]\]. There is a higher prevalence of atrial fibrillation among CD patients\[[@B153],[@B155]\]. Atrial fibrillation, when it occurs, is associated with an increased risk of ischaemic stroke and heart failure\[[@B156]\]. The chronic inflammation that can occur in untreated CD is a recognized risk factor for atrial fibrillation\[[@B155],[@B156]\]. CD patients have slower atrial electrical conduction, which may also increase the risk of atrial fibrillation\[[@B153]\]. However, persistent villous atrophy on follow-up biopsy was not associated with any increased risk of atrial fibrillation\[[@B151],[@B152]\]. It has been reported that CD patients with pulmonary hemosiderosis can develop infranodal heart block, necessitating implantation of a pacemaker\[[@B77],[@B157]\]. These patients may lack digestive manifestations but have iron deficiency and vitamin deficiency anemia\[[@B77]\]. Rhythm alterations in CD can thus result from other pathogenic mechanisms including electrolyte disturbances caused by malabsorption, which can normalize on the GFD\[[@B77]\]. Patients with rhythm disturbances and chronic anemia of unclear origin should therefore be tested for CD\[[@B77]\].

Heart - congenital heart defect \[\# = 4, median year = 2014 (1982-2016)\]
--------------------------------------------------------------------------

CD patients are likely to more commonly have atrial septal defect as compared to controls\[[@B158]\]. Screening for CD in children with congenital heart defect is recommended, since serum TTG IgA levels are significantly higher in patients with congenital heart defect *vs* control children\[[@B159]\]. Down syndrome patients with congenital heart defect have higher CD prevalence as compared to patients without congenital heart defect, and CD prevalence in Down syndrome patients is higher than in controls\[[@B160]\]. In children with congenital heart disease and CD, growth improves on a GFD\[[@B161]\].

Heart - other \[\# = 6, median year = 2012 (2004-2016)\]
--------------------------------------------------------

Chronic hypocalcemia, which may occur in untreated CD due to malabsorption, has been associated with reversible cardiac dysfunction\[[@B120]\]. Untreated CD children tend to show an imbalance of cardiac sympathetic and parasympathetic activity due to enhanced sympathetic tone\[[@B162]\]. This imbalance is still detected after a six months period of GFD\[[@B162]\]. This suggests the presence of a subclinical autonomic nervous system dysfunction\[[@B162]\]. There is a higher prevalence of CD in patients with Postural Orthostatic Tachycardia Syndrome (POTS)\[[@B163]\]; thus these patients should also be screened for CD\[[@B164]\]. Left ventricular hypertrabeculation/noncompaction may be associated with CD\[[@B165]\]. Subclinical systolic dysfunction of the left ventricle may be present in CD children\[[@B166]\].

Cardiovascular disease risk factors \[\# = 17, median year = 2013 (2007-2017)\]
-------------------------------------------------------------------------------

Cardiovascular disease (CVD) as a whole has many etiologies and is the leading cause of death in developed countries\[[@B167],[@B168]\]. There is a modestly increased risk of CVD in CD patients\[[@B63]\]. Both male and female CD patients may have higher estimated risk for CVD as compared to controls\[[@B169],[@B170]\]. However, CVD risk factors conferred by CD have not been well-defined\[[@B171]\]. This has led to conflicting evidence as to whether CD patients actually have increased baseline risk\[[@B172]\]. CD patients are susceptible to increased platelet activation and increased mean platelet volume and RDW values, factors that contribute to increased risk\[[@B173],[@B174]\]. Using the Framingham Heart Study (FRS) 10-year general CVD risk score, lower values were found among CD patients as compared with controls, which may be due to a lesser body mass index and reduced tobacco use among CD patients\[[@B171]\]. Risk factors other than those measured by the FRS may be observed as increased risk of CVD in CD patients\[[@B171]\]. There can also be a positive association between CD and CVD risk due to ascertainment bias\[[@B175]\]. In CD children, risk factors can be frequently observed as compared with healthy subjects\[[@B18]\]. Overall, certain CVD risk factors have been found to be higher in CD youth as compared with the general population, although neither blood pressure nor overweight and obesity rates were increased\[[@B176]\]. Youth with type 1 diabetes and CD had lower high density lipoprotein (HDL) cholesterol, increasing CVD risk, as compared with non CD patients\[[@B177]\].

The lack of a uniform set of risk factors can influence whether CVD risk is affected by a GFD\[[@B172]\]. In actuality, both risk and protective factors for CVD are likely to be present in CD, at baseline and also on a GFD\[[@B172]\]. Modifiable risk factors for CVD can include body mass index and cholesterol, which have been shown to increase on the GFD\[[@B168]\]. In CD individuals with type 1 diabetes on a GFD, improvement in HDL-cholesterol, and a lower resting heart rate, has been demonstrated as compared with those CD patients without diabetes\[[@B178]\]. On a GFD, the lipid profile of CD patients can also improve\[[@B17]\]. At one year on a GFD, waist circumference may increase, but without significant rise in total or LDL cholesterol\[[@B173],[@B174]\]. The GFD should therefore ideally go beyond gluten exclusion and include body weight control and high quality nutrients\[[@B172]\]. A relatively high proportion of CD children on the GFD had one or more CVD risk factors\[[@B179]\]. The most common CVD risk factors are high fasting triglycerides, elevated blood pressure, and high LDL cholesterol concentrations\[[@B179]\]. Insulin resistance is also found, underscoring the need for CVD screening and dietary counseling targeting the pediatric CD population\[[@B179]\]. Screening for CD and monitoring of HDL cholesterol is recommended in youth with type 1 diabetes\[[@B177]\]. CVD risk factors also include metabolic disorders caused by malabsorption in pediatric CD patients\[[@B180]\]. Hence timely correction of water and electrolyte imbalance, and administration of cardiometabolic therapy, is necessary\[[@B180]\].

CONCLUSION
==========

Published studies pertaining to the connection between cardiovascular conditions and CD began in the late 1960's, consisting of a few studies each year, and was followed by a substantial increase beginning about the year 2000. Many of the published studies are either articles (including cohort and case control studies) or case studies consisting of one to three patients. Often, as might be expected, a number of case studies appeared in the literature prior to the cohort studies. Based on the evidence presented in these papers, it is apparent that cardiovascular involvement in CD is a real phenomenon and that there are many manifestations, owing to the multifaceted, systemic physiological changes that can occur in CD. A number of the cardiovascular issues that can occur in untreated CD patients, will resolve on a GFD, often in conjunction with healing of the small intestinal villi. Cardiomyopathy is the most frequently documented cardiovascular condition observed in conjunction with CD, and seems to mostly or completely resolve with appropriate treatment, including a GFD. However, if CD is left unrecognized until a late stage, damage done to the heart may not be entirely reversible. Similarly, to the present time there has been substantial documentation of a number of other cardiovascular conditions found in conjunction with untreated CD including thrombosis and thromboembolism, ischemic heart disease, stroke, and arrhythmia. There has also been significant investigation of CD and risk of cardiovascular disease. On this topic, a current problem is that there is no uniform set of cardiovascular risk factors used for analysis. Future studies should settle the question of how to best treat these co-occurring conditions, and to determine if other cardiovascular manifestations of CD are common phenomena.

Conflict-of-interest statement: The authors have no conflicts of interest.

Manuscript source: Invited manuscript

Specialty type: Cardiac and cardiovascular systems

Country of origin: United States

Peer-review report classification

Grade A (Excellent): 0

Grade B (Very good): 0

Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

Peer-review started: February 22, 2017

First decision: May 8, 2017

Article in press: July 3, 2017

P- Reviewer: Balaban YH S- Editor: Qi Y L- Editor: A E- Editor: Lu YJ

[^1]: Author contributions: Ciaccio EJ designed the study and wrote the manuscript; Lewis SK, Biviano AB, Iyer V, Garan H and Green PH reviewed the manuscript and suggested changes.

    Correspondence to: Edward J Ciaccio, PhD, Department of Medicine, Celiac Disease Center, Columbia University College of Physicians and Surgeons, P and S 7-445, 630 West 168^th^ Street, New York, NY 10032, United States. <ciaccio@columbia.edu>

    Telephone: +1-212-3055447 Fax: +1-212-3420447
